We describe and discuss the spectral and temporal characteristics of the prompt emission and X-ray afterglow emission of X-ray flashes (XRFs) and Xray-rich gamma-ray bursts (XRRs) detected and observed by Swift between December 2004 and September 2006. We compare these characteristics to a sample of conventional classical gamma-ray bursts (C-GRBs) observed during the same period. We confirm the correlation between E obs peak and fluence noted by others and find further evidence that XRFs, XRRs and C-GRBs form a continuum. We also confirm that our known redshift sample is consistent with the correlation between the peak energy in the GRB rest frame (E src peak ) and the isotropic radiated energy (E iso ), so called the E src peak -E iso relation. The spectral properties of
Introduction
Despite the rich gamma-ray burst (GRB) sample provided by BATSE (e.g., Paciesas et al. 1999 ; Kaneko et al. 2006) , BeppoSAX (e.g., Frontera 2004) , Konus-W ind (e.g., Ulanov et al. 2004) , and HET E-2 (e.g., Barraud et al. 2003; Sakamoto et al. 2005) , the emission properties of GRBs are still far from being well-understood. In recent years, however, another phenomenon that resembles GRBs in almost every way, except that the flux comes mostly from X rays instead of γ rays, has been discovered and studied. This new class of bursts has been dubbed "X-ray flashes" (XRFs; Heise et al. (2003) ; Barraud et al. (2003) ; Sakamoto et al. (2005) ), and there is strong evidence to suggest that "classical" GRBs (hereafter C-GRBs) and XRFs are closely-related phenomena. Understanding what physical processes lead to their differences could yield important insights into their nature and origin. Strohmayer et al. (1998) identified 22 bursts observed by Ginga that occurred between March of 1987 and October of 1991, and for which the spectra could be reliably analyzed. About 36% of GRBs observed by Ginga had very soft spectra. They noted that these bursts resembled BATSE long GRBs in duration and general spectral shape, but the peak energies of the νF ν spectrum, E obs peak , extended to lower values than those of the BATSE bursts (Preece et al. 2000; Kaneko et al. 2006) . Heise et al. (2003) reported that among the sources imaged by the Wide Field Cameras (WFCs) on board BeppoSAX was a class of fast X-ray transients with durations less than 1000 s that were not "triggered" (that is, detected) by the Gamma Ray Burst Monitor (GRBM). This became their working definition of XRFs. Kippen et al. (2003) searched for C-GRBs and XRFs which were observed simultaneously by WFC and BATSE. They found 36 C-GRBs and 17 XRFs in a 3.8-year period. Joint WFC and BATSE spectral analysis was performed for the sample, and they found that XRFs have a significantly lower E obs peak compared with C-GRBs. They also found -3 -that there is no systematic difference between XRFs and C-GRBs in their low-energy photon indices, high-energy energy photon indices, or durations. The systematic spectral analysis of a sample of 45 HETE-2 GRBs confirmed these spectral and temporal characteristics of XRFs. It is worth noting that nine out of sixteen XRF samples of HETE-2 have E obs peak < 20 keV Sakamoto et al. 2005) .
Although the XRF prompt emission properties have been studied, until the launch of Swift (Gehrels et al. 2004) , only a handful of X-ray afterglows associated with XRFs were reported. D 'Alessio et al. (2006) studied the prompt and afterglow emission of XRFs and X-ray-rich GRBs (XRRs) observed by BeppoSAX and HETE-2. They found that the XRF and XRR afterglow light curves seem to be similar to those of C-GRBs, including the break feature in the light curves. They also investigated the off-axis viewing scenarios of XRFs for the top-hat shaped jet (Yamazaki et al. 2002 (Yamazaki et al. , 2004 , the universal power-law shaped jet (Rossi et al. 2002; Lamb et al. 2005) , and the Gaussian jet (Zhang et al. 2004) , and concluded that these models might be consistent with the data. Their sample, however, only contains 9 XRFs/XRRs with measured X-ray afterglows. Furthermore, the data points in the X-ray light curves were not well sampled, so that there are large uncertainties in the decay indices and the overall structures of the light curve in most cases. Moreover, since the X-ray afterglow observations began > 10 4 seconds after the trigger, their sample is able to say little about the early afterglow properties, which contain rich information that can constrain jet models for XRFs. Other XRF theoretical models are the inhomogeneous jet model (Toma et al. 2005) , the internal shock emission from high bulk Lorentz factor shells (Mochkovitch et al. 2003; Barraud et al. 2005) , the external shock emission from low bulk Lorentz factor shells (Dermer et al. 1999; Dermer and Mitman 2003) , and the X-ray emission from the hot cocoon of the GRB jet if viewed from off-axis Woosley, Zhang, & Heger 2003) .
Because of the sophisticated on-board localization capability of the Swift Burst Alert Telescope (BAT; Barthelmy et al. (2005) ) and the fast spacecraft pointing of Swift, more than 90% of Swift GRBs have an X-ray afterglow observation from the Swift X-Ray Telescope (XRT; Burrows et al. (2005a) ) within a few hundred seconds after the trigger. Due to the fact that BAT is sensitive to relatively low energies (15-150 keV) and also a large effective area (∼ 1000 cm 2 at 20 keV for a source on-axis), BAT is detecting also XRFs and XRRs. However, because of the BAT's lack of response below 15 keV, it is very challenging to detect XRFs with E obs peak of a few keV which dominated the XRF samples of the BeppoSAX and HETE-2 (e.g., Kippen et al. 2003; Sakamoto et al. 2005) . Nonetheless, Swift has an unique capability for studying the detailed X-ray afterglow properties just after the burst for XRFs and XRRs with E obs peak 20 keV for the first time.
-4 -The systematic study of the X-ray emissions of GRBs observed by XRT reveals a very complex power-law decay behavior consisting typically of an initial very steep decay (t α with −10 α 1 −2) (e.g., O'Brien et al. 2006; ), followed by a shallow decay (−1 α 2 0), followed by a steeper decay (−2 α 3 −1) (e.g., Nousek et al. 2006; O'Brien et al. 2006; Willingale et al. 2007) , sometimes followed by a much steeper decay (α 4 −2) (e.g., Willingale et al. 2007 ) and, in some cases (about 50%), overlaid Xray flares (e.g. Burrows et al. 2005b; Chincarini et al. 2007; Kocevski et al. 2007 ). Although there is increasing evidence that the initial very steep decay component α 1 is a tail of the GRB prompt emission (e.g., Liang et al. 2006; , the origin of the phase from a shallow α 2 to a steeper decay α 3 (hereafter a shallow-to-steep decay) is still a mystery. Moreover, not all GRBs have a shallow-to-steep decay phase in their X-ray afterglow light curves. Thus, it is very important to investigate the X-ray afterglow light curves of bursts along with their prompt emission properties to find a difference in their characteristics between C-GRBs and XRFs.
In this paper, we report the systematic study of the prompt and afterglow emission of 10 XRFs and 17 XRRs observed by Swift from December 2004 through September 2006. Although the data from Swift BAT is the primary dataset for investigation of the prompt emission properties, we also use information from Konus-W ind and HETE-2 as reported on the Gamma-ray burst Coordinate Network 1 or in the literature, when available, to obtain better constraints on E obs peak . We focus on X-ray afterglow properties observed by Swift XRT in this study. In §2, we discuss our classification of GRBs, the analysis methods of the BAT and the XRT data, and the selection criteria of our sample. In §3 and §4, we show the results of the prompt emission and the X-ray afterglow analysis, respectively. We found distinct differences between XRFs and C-GRBs in the shape and in the overall luminosity of X-ray afterglows. We discuss the implications of our results in §5. Our conclusions are summarized in §6. We used the cosmological parameters of Ω m = 0.3, Ω Λ = 0.7, and H 0 = 70 km s
Mpc −1 . The quoted errors are at the 90% confidence level unless we state otherwise.
Analysis

Working Definition of Swift GRBs and XRFs
The precise working definitions adopted by others who have studied XRFs have tended (understandably) to be based on the characteristics and energy sensitivities of the instru--5 -ments that collected the data (Gotthelf et al. 1996; Strohmayer et al. 1998; Heise et al. 2003; Sakamoto et al. 2005) . The effective area of the BAT is sufficiently different from these other instruments that none of the definitions previously adopted are quite suitable (Band 2003 (Band , 2006 . We desire a definition, however, that will correspond to previous definitions so that we may reliably compare the characteristics of the BAT-detected XRF population with those from other missions. Sakamoto et al. (2005) defined XRFs in terms of the fluence ratio S X (2 -30 keV)/S γ (30 -400 keV) and C-GRBs, XRRs, and XRFs were classified according to this fluence ratio. Sakamoto et al. (2005) noted a strong correlation between the observed spectral peak energy E obs peak and the fluence ratio. They found that the border E obs peak between XRFs and XRRs is ≈ 30 keV, and the border E obs peak between XRRs and C-GRBs is ≈ 100 keV.
In the BAT energy range, a fluence ratio of S(25 -50 keV)/S(50 -100 keV) is more natural and easier to measure with confidence. We therefore chose our working definition in terms of this ratio. In order to ensure that our definition is close to that adopted by Sakamoto et al. (2005) , we calculated the fluence ratio of a burst for which the parameters of the Band function 2 (Band et al. 1993 ) are Γ 1 = −1, Γ 2 = −2.5, and E obs peak = 30 keV. These values of Γ 1 and of Γ 2 are typical of the distributions for XRFs, XRRs, and C-GRBs found by BATSE (Preece et al. 2000; Kaneko et al. 2006) , BeppoSAX and HETE-2 (Sakamoto et al. 2005) . The ratio thus found is 1.32. We likewise calculated the fluence ratio of a burst for which Γ 1 = −1, Γ 2 = −2.5, and E obs peak = 100 keV, which was found to be 0.72. Our working definition of XRFs, XRRs, and C-GRBs thus becomes: S(25 -50 keV)/S(50 -100 keV) ≤ 0.72 C − GRB 0.72 < S(25 -50 keV)/S(50 -100 keV) ≤ 1.32 XRR (1) S(25 -50 keV)/S(50 -100 keV) > 1.32 XRF
To check the consistency of our definition, we calculated S(25 -50 keV) and S(50 -100 keV) of the HETE-2 sample using the best fit time-averaged spectral parameters reported on Sakamoto et al. (2005) . The 90% error in the fluences is calculated by scaling the associated error in the normalization of the best fit spectral model. As shown in Figure 1 , our definition is consistent with the HETE-2 definition of XRFs, XRRs, and C-GRBs (Sakamoto et al. 2005) .
Swift BAT Data Analysis
All the event data from Swift BAT is available through HEASARC at Goddard Space Flight Center. We used the standard BAT software (HEADAS 6.1.1) and the latest calibration database (CALDB: 2006-05-30) . The burst pipeline script, batgrbproduct, was used to process the BAT event data. The xspec spectral fitting tool (version 11.3.2) was used to fit each spectrum.
For the time-averaged spectral analysis, we use the time interval from 0% to 100% of the total burst fluence (t 100 interval) calculated by battblocks. Since the BAT energy response generator, batdrmgen, performs the calculation for a fixed single incident angle of the source, it will be a problem if the position of the source is moving during the time interval selected for the spectral analysis due to the spacecraft slew. In this situation, we created the response matrices for each five second period during the time interval taking into account the position of the GRB in detector coordinates. We then weighted these response matrices by the five second count rates and created the averaged response matrices using addrmf. Since the spacecraft slews about one degree per second in response to a GRB trigger, we chose five second intervals to calculate the energy response for every five degrees.
We fit each spectrum with a power-law (PL) model 3 and a cutoff power-law (CPL) model 4 . The best fit spectral model is determined based on the difference in χ 2 between a PL and a CPL fit. If ∆ χ 2 between a PL and a CPL fit is greater than 6 (∆χ 2 ≡ χ 2 PL − χ 2 CPL > 6), we determine that a CPL model is a better representative spectral model for the data.
To quantify the significance of this improvement, we performed 10,000 spectral simulations taking into account the distributions of the power-law photon index in a PL fit, the fluence in the 15-150 keV band in a PL fit and the t 100 duration of the BAT GRBs (e.g., Sakamoto et al. 2008) , and determined how many cases a CPL fit gives χ 2 improvements of equal or greater than 6 over a PL fit. We used the best fit normal distribution for the power-law photon index centering on 1.65 with σ of 0.36. The best fit log-normal distribution is used for the fluence centering on S(15-150 keV) = 10 −5.92 erg cm −2 with σ of S(15-150 keV) = 10 0.59 erg cm −2 . Also, the best fit log-normal distribution is used for the t 100 duration centering on t 100 = 10 1.74 s with σ of t 100 = 10 0.53 s. The BAT energy response matrix used in the simulation corresponds to an incident angle of 30
• which is the average of the BAT GRB samples. We found equal or higher improvements in χ 2 in 62 simulated spectra out of 10,000. Thus, the chance probability of having an equal or higher ∆χ 2 of 6 with a CPL model when the parent 3 f (E) = K 50 (E/50keV) Γ where K 50 is the normalization at 50 keV in units of photons cm
-7 -distribution is a case of a PL model is 0.62%.
Because of the narrow energy band of the BAT, most of the E obs peak measured from the BAT spectral data are based on a CPL fit, but not on the Band function fit. For XRFs, we apply a constrained Band (C-Band) function method (Sakamoto et al. 2004) to constrain E obs peak . However, there is a systematic problem in the E obs peak values derived by different spectral models. In particular, for the bursts for which the true spectral shape is the Band function, there is a known effect that E obs peak derived from a CPL model fit has a systematically higher value than E obs peak derived from a Band function fit (e.g., Kaneko et al. 2006; Cabrera et al. 2007) . To investigate this effect, we fit all the BAT GRB spectra for which E obs peak are derived only from the BAT data with a Band function with the high-energy photon index fixed at Γ 2 to −2.3. peak values derived by a C-Band function also agree with E obs peak derived by the Band function with fixing Γ 2 = −2.3 to within errors. Therefore, we conclude that the systematic error in E obs peak derived by different spectral models is negligible compared to that of the statistical error assigned to E obs peak derived from the BAT spectral data alone. Note that the BAT spectral data include the systematic errors which are introduced to reproduce the canonical spectrum of the Crab nebula observed at various incident angles (Sakamoto et al. 2008 ).
To perform the systematic study using the BAT data, we only selected bursts for which the full BAT event data are available 5 .
Swift XRT Data
We constructed a pipeline script to perform the XRT analysis in a systematic way. This pipeline script analysis is composed of four parts: 1) data download from the Swift Science Data Center (SDC), 2) an image analysis to find the source (X-ray afterglow) and background regions, 3) a temporal analysis to construct and fit the light curve, and 4) a spectral analysis. The screened event data of the Window Timing (WT) mode and the Photon Counting (PC) mode are downloaded from the SDC and used in our pipeline process. For the WT mode, only the data of the first segment number (001) are selected. All available PC mode data are applied. The standard grades, grades 0-2 for the WT mode and 0-12 for the PC mode, are used in the analysis. The analysis is performed in the 0.3-10 keV band. The detection -8 -of an X-ray afterglow is done automatically using ximage assuming that an afterglow is the brightest X-ray source located within 4
′ from the BAT on-board position. However, in cases where a steady cataloged bright X-ray source is misidentified as an afterglow, we specify the coordinates of the X-ray afterglow manually. The source region of the PC mode is selected as a circle of 47 ′′ radius. The background region of the PC mode is an annulus in an outer radius of 150
′′ and an inner radius of 70 ′′ excluding the background X-ray sources detected by ximage in circular regions of 47 ′′ radius. For the WT data, the rectangular region of 1.6 ′ × 6.7 ′ is selected as a foreground region using an afterglow position derived from the PC mode data as the center of the region. The background region is selected to be a square region of 6.7
′ on a side excluding a 2.3 ′ × 6.7 ′ rectangular region centered at the afterglow position. The light curve is binned based on the number of photons required to meet at least 5σ for the PC mode and 10σ for the WT mode in each light curve bin. The light curve fitting starts with a single power-law. Then, additional power-law components are added to minimize χ 2 of the fit. Complicated structures such as X-ray flares are also well fitted with this algorithm. Although our pipeline script fits the XRT light curve automatically for every GRB trigger by this algorithm, we excluded the time intervals during the X-ray flares from the light curve data by visual inspections before doing the fit by our method because the understanding of the overall shape of the light curve is the primary interest in our study. The ancillary response function (ARF) files are created by xrtmkarf for the WT and the PC mode data individually. The spectral fitting is performed by xspec 11.3.2 using an absorbed power-law model 6 for both the WT and the PC mode data. For an absorption model, we fix the galactic absorption of Dickey and Lockman (1990) at the GRB location, and then, add an additional absorption to the model. We use xspec zwabs model for known redshift GRBs applying the measured redshift to calculate the absorption associated to the source frame of GRBs. The spectra are binned to at least 20 counts in each spectral bin by grppha. The conversion factor from a count rate to an unabsorbed 0.3-10 keV energy flux is also calculated based on the result of the time-integrated spectral analysis.
A "pile-up" correction (e.g., Romano et al. 2006; Nousek et al. 2006; Evans et al. 2007 ) is applied during our pipeline process. It assumes a "pile-up" effect exists whenever the uncorrected count rate in the processed light curve exceeds 0.6 counts/s and 100 counts/s for the PC and the WT modes respectively. Only the time intervals which are affected by the "pile-up" as described in our definition above have corrections applied. Although the area of the spectral region affected by pile-up depends on its count rate, the script always eliminates a central area within 7
′′ radius for the PC data and a 14 ′′ × 6.7 ′ box region for the WT data. The count rate derived from the region excluding the central part is corrected -9 -by taking into account the shape of the ARF at an averaged photon energy. The spectral analysis is performed using only the data of < 0.6 counts/s for the the PC mode and < 100 counts/s for the WT mode.
Two GRBs in our sample, GRB 050713A and GRB 060206 have a background X-ray source ∼ 25 ′′ and ∼ 10 ′′ , respectively, from the position of the afterglow. Since it is difficult to exclude the contamination from the very closely located background source, we excluded the last portion of the light curves which have a flattening that is very likely due to the contamination from the background source.
Sample of GRBs
We calculated the fluence ratio between the 25-50 keV and the 50-100 keV bands derived from a PL model using the BAT time-averaged spectrum for all Swift bursts detected between December 2004 and September 2006. Then we classified these GRBs using the definition described in §2.1. Out of a total of 158 long GRBs, we classified 10 as XRFs, 97 as XRRs, and 51 as C-GRBs. The distribution of the fluence ratio S(25-50 keV)/S(50-100 keV) for the 158 long GRBs is shown in Figure 3 . Similar to the HETE-2 results (Sakamoto et al. 2005 ), the figure clearly shows that Swift's XRFs, XRRs, and C-GRBs also form a single broad distribution. This figure also clearly shows that the ratio of the number of BAT XRFs to BAT XRRs is smaller than that of the HETE-2 XRF samples. As discussed in Band (2006) , the numbers of each GRB class strongly depend on the sensitivity of the instrument. This problem becomes more serious for the instruments which do not cover a wide energy range, such as the BAT. Thus, we will not discuss the absolute numbers of each GRB class in this paper.
Since the determination of E obs peak is crucial for our study, we only select GRBs having values for E obs peak that can be determined from the BAT data alone or from using the data from other GRB instruments (Konus-W ind and HETE-2). Since we can use the C-Band function method for XRFs to constrain E obs peak if the photon index Γ in a PL fit is much steeper than −2 in the BAT spectrum, we select all bursts which have Γ < −2 at a 90% confidence level. We exclude GRB 041224 from our sample because there is no XRT observation. We also exclude GRB 060614 because of no report on the time-averaged spectral parameters by Konus-W ind (Golenetskii et al. 2006b ). Based on these selection criteria, a total of 41 GRBs are selected, including 10 XRFs, 17 XRRs, and 14 C-GRBs.
-10 -
Prompt Emission
The spectral properties of the prompt emission for our 41 GRBs are summarized in Table  1 . Figure 4 shows the S(25 -50 keV)/S(50 -100 keV) fluence ratio verses E obs peak . As seen in the figure, E obs peak of the BAT GRBs ranges from a few tens of keV to a few hundreds of keV. This broad continuous distribution of E obs peak is consistent with the BeppoSAX ) and the HETE-2 Sakamoto et al. 2005) results. The BAT GRBs follow well on the curve calculated assuming Γ 1 = −1 and Γ 2 = −2.5 for the Band function. The gap in the S(25 -50 keV)/S(50 -100 keV) fluence ratio from 0.8 to 1.2 in our sample is likely due to a selection effect. Essentially, we selected bursts based on the measurement of E obs peak for XRRs and C-GRBs. This criterion is more or less equivalent to selecting the bursts based on their brightness. On the other hand, most of the XRFs were selected based on the photon index value in a PL fit (Γ < −2). This is equivalent to selecting by the softness of the bursts. Therefore, there is a different way to distinguish between XRFs, and XRRs and C-GRBs. Evidently, as shown in figure 3 , there is no such gap in the histogram of the fluence ratios for the BAT GRBs if the whole burst sample has been examined. Therefore, we believe that the gap in the fluence ratio at 0.8-1.2 is due to the way in which we selected the bursts.
In Figure 5 , we compare E obs peak in a CPL fit and the low energy photon indices Γ for the BAT, the HETE-2 and the BATSE samples. For both the HETE-2 (Sakamoto et al. 2005) and the BATSE (Kaneko et al. 2006 ) samples, we only plotted GRBs with a CPL model as the best representative model for the time-averaged spectrum to reduce the systematic differences in both Γ and E obs peak due to the different choices of spectral models (Kaneko et al. 2006) . As seen in the figure, the range of Γ values derived from the BAT data alone are consistent with the HETE-2 and the BATSE results. In addition, we have confirmed that the Γ values for XRFs and XRRs (GRBs with E obs peak < 100 keV) cover the same range as for C-GRBs (GRBs with E obs peak > 100 keV) (Sakamoto et al. 2005) . The top panel of Figure 6 shows E obs peak and the 15 -150 keV fluence, S(15-150 keV), for the BAT GRBs. We note a correlation between E obs peak and S(15-150 keV). For the purpose of the correlation study, we assigned the median of the 90% confidence interval to be the best fit value of E obs peak , so that the errors would be symmetric. For cases in which we only have upper limits for E obs peak , we assigned the best fit values of E obs peak to be the median of 0 and 90% upper limit, and we assigned the symmetric error to be half that value. The linear correlation coefficient between log[S(15 -150 keV)] and log(E obs peak ) is +0.76 for a sample of 41 GRBs using the best fit values. The best fit functions with and without taking into account the errors are log(E -11 -Since the fluence in the 15 -150 keV band is not a good quantity to examine the correlation with E obs peak because of its narrow energy range of integration, we also investigate the correlation between E obs peak and the fluence in the 1 -1000 keV band, S(1-1000 keV). For GRBs which have the measurement of E obs peak by the BAT data alone, we calculate S(1-1000 keV) directly from a spectral fitting process using the Band function. Therefore, uncertainty in the spectral parameters in the Band function, especially in the high-energy photon index Γ 2 is also taken into account in an error calculation of the fluence. For GRBs for which we use E peak from the literature, we calculated the fluence using the spectral parameters presented in the literature, and the error associated in the normalization of the best fit spectral model is used to calculate an error of the fluence. If the reported best fit model is a CPL for these GRBs, we use Γ 2 = −2.3 to calculate the fluence in the Band function. The bottom panel of Figure 6 shows the distribution between E obs peak and S(1-1000 keV). To take into account the errors associated with E obs peak and S(1-1000 keV) in our calculation of the correlation coefficient, we generate 10,000 random numbers assuming a Gaussian distribution in E obs peak and S(1-1000 keV) of the central value and the error for each GRB in the sample. For GRBs only having the upper limits in E obs peak and/or S(1-1000 keV), we use an uniform distribution to generate the random numbers. Then, we calculate the linear correlation coefficient for the 10,000 burst sample in log[E obs peak ]-log[S(1-1000 keV)] space, and make a histogram of the calculated correlation coefficient. The highest peak and 68% points from the highest value of the histogram are assigned as the central value and 1σ interval of the correlation coefficient. We investigate the correlation coefficient for 1) GRBs with E obs peak from a CPL model (sample A; total 32 GRBs), 2) GRBs with a constrained E obs peak from a C-Band model and a CPL model (sample B; total 37 GRBs), and 3) all 41 GRBs (sample C) to evaluate the systematic effect of E −5 -2.3 × 10 −8 in the 1 σ interval for samples A, B and C respectively. Thus, the correlation between E obs peak and the fluence is still significant even if we use the fluence in the 1-1000 keV band, and also take into account the E obs peak derived by the different spectral models.
The histograms of E obs peak for the Swift/BAT, the HETE-2 (Sakamoto et al. 2005 ) and the BATSE (Kaneko et al. 2006) samples are shown in Figure 7 . We notice a difference in the distributions of E obs peak for the three GRB instruments, especially between the BAT (or the HETE-2) and the BATSE distributions. Applying the two-sample Kolmogorov-Smirnov (K-S) test to the E obs peak distributions for the BAT and the HETE-2 samples, the BAT and the BATSE samples, and the HETE-2 and the BATSE samples, we find K-S test probabilities -12 -of 0.44, 2.3 × 10 −9 , and 4.1 × 10 −16 respectively. Based on these tests, we may conclude that the BATSE GRB samples have a systematically higher E obs peak than the BAT and the HETE-2 samples. This is probably because not only the BATSE energy range is higher than those other instruments but also the current BATSE spectral catalog only contains the bright GRBs, therefore systematically selecting higher E obs peak GRBs in the catalog (Kaneko et al. 2006) . Figure 8 shows E obs peak and S(15-150 keV) of the BAT, the HETE-2 and the BATSE samples. The fluence in the 15-150 keV band for the HETE-2 and the BATSE samples is calculated using the best fit spectral model reported in the catalog (Sakamoto et al. 2005; Kaneko et al. 2006) . The error in the fluence for the HETE-2 and the BATSE samples is calculated by scaling the error in the normalization of the best fit spectral model. As clearly seen in the figure, S(15-150 keV) and E obs peak of the BAT GRBs are consistent with both the HETE-2 and the BATSE samples. The strong correlation between E obs peak and S(15-150 keV) still exists by combining the BAT and the HETE-2 samples. The correlation coefficient combining the BAT and the HETE-2 GRBs is +0.685 for 83 samples. The probability of such a correlation occurring by chance is < 10 −11 . The best fit correlation function between E obs peak and S(15-150 keV) with and without taking into account the errors are log(E Figure 7 and 8, the BAT XRFs are not softer (or weaker) than the HETE-2 sample. This is because of the higher observed energy band of the BAT compared to that of the HETE-2 Wide-field X-ray Monitor (WXM; 2-25 keV) (Shirasaki et al. 2003) . Thus, caution might be needed for comparing the BAT and the HETE-2 XRF samples. It is also clear from the figures that the E obs peak distribution of the BATSE sample is systematically higher compared with the GRB samples of the HETE-2 and the BAT because of lacking sensitivity below 20 keV for BATSE. Figure 9 shows the correlation between the peak energy in the GRB rest frame E src peak (≡ (1+z) E obs peak ) and the isotropic radiated energy E iso . We calculated E src peak and E iso for the nine known redshift GRBs 7 in our sample using the BAT data (Table 2) . For these GRBs, E iso is derived directly from the spectral fitting using the Band function and integrating from 1 keV to 10 MeV at the GRB rest frame. E src peak is calculated from E obs peak based on a CPL fit. E src peak and E iso values for the remaining Swift GRBs are extracted from Amati (2006) . The values for the pre-Swift GRBs are also extracted from Amati (2006) . Although our sample of known redshift GRBs is small, we have confirmed the existence and the extension of the -13 -E src peak − E iso relation to XRFs and XRRs (GRBs with E src peak < 100 keV) for the Swift GRBs (Amati et al. 2002; Lamb et al. 2005; Sakamoto et al. 2004 Sakamoto et al. , 2006 .
X-ray Afterglow Emission
The spectral and temporal properties of the 41 X-ray afterglows are summarized in Tables 3 and 4 . Figure 10 is a composite plot of the X-ray afterglow light curves. Figures 11, 12 , and 13 show the light curves in each GRB class. As we subsequently discuss in detail, we find that C-GRBs in our sample tend to have afterglows with shallow decay indices at early times followed by steeper indices at later times, and that the breaks between these two indices occur at about 10 3 − 10 4 seconds. On the other hand, XRF afterglows show a fairly shallow decay index until the end of the XRT observation without any significant break. XRRs in our sample were split between these two behaviors, with some manifesting a pattern like the XRF sample and others a pattern like the C-GRB sample. Figure 14 shows the distribution of best-fit excess neutral hydrogen column densities N H over the galactic N H (Dickey and Lockman 1990) and photon indices Γ in the PC mode for our sample of bursts. For known redshift GRBs, the excess N H is calculated in the GRB rest frame. Also shown are the BeppoSAX values gathered and cited by Frontera (2003) for comparison. There is no systematic differences in N H and Γ between either the BAT and the pre-Swift GRBs or between the individual classes of the BAT GRBs. We also confirmed a significant amount of an excess N H for most of our sample (e.g. Campana et al. 2006; Grupe et al. 2007 ). Figure 15 shows the X-ray temporal index in the 0.3-10 keV band taken 1 day after the burst (α 1day ) plotted against E obs peak for 36 bursts 8 . There is a systematic trend in α 1day of XRFs, in that they are concentrated around −1 and only one sample is steeper than −1.5. On the other hand, α 1day of XRRs and C-GRBs are much more widely spread. Moreover, there might be a hint that XRRs and C-GRBs have a systematically steeper α 1day than XRFs. The correlation coefficient between α 1day and E obs peak has been calculated using the same method for which we apply to calculate the correlation coefficient between E obs peak and the fluence in the 1-1000 keV band (section 3). We investigate the correlation coefficient for 1) GRBs without XRFs and GRB 050717 which is outlier with E obs peak of 2 MeV (sample -14 -A; total 26 GRBs), 2) GRBs without GRB 050717 (sample B; total 35 GRBs), and 3) all 36 GRBs (sample C) to evaluate the systematic effect due to significantly low or high E −0.06 (all 1σ errors) for samples A, B, and C respectively. The probabilities of a chance occurrence in each sample size are 7.1 × 10 −3 − 6.7 × 10 −2 , 2.0 × 10 −3 − 1.9 × 10 −2 , and 5.9 × 10 −4 − 6.3 × 10 −3 in the 1σ interval for samples A, B, and C respectively. Therefore, if we include the XRF sample, the correlation between α 1day and E obs peak is significant at the >99.98 % level.
The relationship between the unabsorbed X-ray afterglow flux at 1 day after the burst and E obs peak is shown in Figure 16 . We calculate the correlation coefficient between the Xray flux and E obs peak by the same method and also for the same three samples as we used in the correlation study between α 1day and E −0.04 (all 1σ errors) for samples A, B, and C respectively. The chance probabilities are 3.5 × 10 −2 − 8.5 × 10 −3 , 1.9 × 10 −2 − 3.2 × 10 −3 and 1.2 ×10 −1 −3.9 ×10 −2 in 1σ interval for samples A, B, and C respectively. Therefore, there is no significant correlation between the X-ray flux and E obs peak if we investigate for the whole 36 bursts (sample C). However, the correlation becomes significant if we exclude GRB 050717, which is an outlier with E obs peak of 2 MeV. Therefore, there might be a hint of a correlation between the X-ray flux at 1 day after the burst and E obs peak . Figure 17 shows the composite X-ray luminosity light curves for the known redshift GRBs in our sample. The k-correction 9 has been applied to derive the 0.3-10 keV luminosities from the X-ray fluxes of each light curve bin using the best fit PL photon index of the WT and the PC mode spectra. The time dilation effect of the cosmic expansion is taken into account in these light curves. The colors in the light curves are coded in the following ways: E src peak < 100 keV in red (hereafter, XRF src , as XRF in the GRB rest frame), 100 keV < E src peak < 300 keV in green (hereafter, XRR src , as XRR in the GRB rest frame), and E src peak > 300 keV in blue (hereafter, C-GRB src , as C-GRB in the GRB rest frame). As illustrated in the figure, there are clear separations between XRF src , XRR src and C-GRB src in the overall luminosities of the X-ray light curves. XRFs src have less luminosity by a factor of two or more compared to XRRs src and C-GRBs src . Figure 18 and 19 show the X-ray temporal index and the luminosity respectively at 10 hours after the burst in the GRB rest frame as a function of E src peak . As seen in the observer's frame (Figure 15 and 16) , there are weak correlations between E src peak and the temporal index and the luminosity. The correlation 9 The 0.3-10 keV luminosity, L 0.3−10 , is calculated by L 0.3−10 = 4πd
, where d L is the luminosity distance, Γ is the photon index of the XRT spectra (Table 3 ) and F 0.3−10 is the observed flux in the 0.3-10 keV band.
-15 -coefficients between E src peak and the temporal index, and between E src peak and the luminosity at 10 hours are −0.53 and +0.72 in both samples of 12 10 . The chance probabilities are 0.075 and 0.008. The global trend in the X-ray luminosity light curve is that XRFs src have a temporal index of α ∼ −1 and smaller luminosities at 10 hours after the burst compared to those of XRRs src and C-GRBs src .
Discussion
Characteristics between the prompt emission and the X-ray afterglow
The results of our analysis strengthen the case that XRFs and long-duration C-GRBs are not separate and distinct phenomena, but instead are simply ranges along a single continuum describing some sort of broader phenomenon. As Figure 4 illustrates, XRFs, XRRs and CGRBs form a continuum in peak energies E obs peak , with XRF E obs peak values tending to be lower than those of XRRs, which in turn are lower than those of C-GRBs. Further evidence of the continuous nature of these phenomena comes from the continuity in the fluences of XRFs, XRRs, and C-GRBs, with XRFs tending to manifest lower fluences than XRRs, which tend to have lower fluences than C-GRBs. This is illustrated by the correlation between fluences and E obs peak shown in Figure 6 . We also confirmed the existence of the extension of the E src peak -E iso relation (Amati et al. 2002) to XRFs using our limited sample of known redshift GRBs.
As we examine the X-ray afterglow properties of XRFs, XRRs and C-GRBs, we note that their spectral indices and natural hydrogen column densities show no strong correlation to indicate that the spectra of XRF afterglows are distinctly different from those of XRRs or C-GRBs. We do, however, note a possible distinction in the shape of the afterglow light curves among XRFs, XRRs, and C-GRBs.
We find that the C-GRBs in our sample tend to have afterglows with shallow decay indices (−1.3 < α < −0.2) at early times followed by steeper indices (−2.0 < α < −1.2) at later times, and that the breaks between these two indices occur at about 10 3 − 10 4 seconds. XRF afterglows, on the other hand, seem to follow a different pattern. They often show a fairly shallow decay index (−1.2 < α < 0) until the end of the XRT observation without any significant break to α < −1.2. The afterglows of the XRRs in our sample were split between these two behaviors, with some manifesting a pattern like the XRF sample and others a pattern like the C-GRB sample (Figure 10-13) . It is possible that these two patterns form a continuum, with the break between shallow index and steep index occurring at later times for 10 We exclude GRB 060927 because there is no X-ray data around 10 hours at the GRB rest frame.
-16 -XRFs (sometimes after the afterglow has faded below our detection threshold) and at earlier times for C-GRBs (Figure 15 ). There is, however, another possibility that this shallow-tosteep decay only exists in high E peak GRBs. Furthermore, using our limited known redshift GRB sample, we confirmed our findings of the global features of the X-ray afterglows in the X-ray light curves in the GRB rest frame (Figure 18 and 19) . Thus, the transition from a shallow to steep decay around 10 3 − 10 4 seconds commonly seen in XRT light curves might somehow be related to the E peak of its prompt emission (Figure 20) . Note that, however, two C-GRBs, GRB 050716 and GRB 060908, show a relatively shallow decay index without breaks up to 10 6 − 10 7 seconds after the trigger, and thus have the same afterglow behaviors as XRFs.
Difference in the X-ray afterglow luminosities
As noted by Gendre et al. (2007) , we also found differences in the luminosity of the X-ray light curves measured in the GRB rest frame. The luminosity of the global X-ray light curve is brighter when E src peak is higher (Figure 17 ). According to Liang and Zhang (2006) , there are two categories in the luminosity evolution of the optical afterglow. They found that the dim group (having optical luminosities at 1 day of ∼ 5.3 × 10 44 ergs s −1 ) all appear at redshifts lower than 1.1. Motivated by their finding, we investigated E src peak of the Liang and Zhang (2006) sample using the values quoted in Amati (2006) . We noticed that the E src peak values from their dim group are < 200 keV. The average E src peak of their dim group is 96 keV which would be XRFs ,src in our classification. On the other hand, the average E src peak values from the bright group in their sample is 543 keV. Therefore, the trend which we found in the overall luminosity of the X-ray light curves might be consistent with the optical light curves. However, the break from a shallow-to-steep decay in the X-ray light curve which preferentially we see in C-GRBs is not usually observed in the optical band (e.g., Panaitescu et al. 2006) . These similar and distinct characteristics in the X-ray and the optical afterglow light curves, together with the correlation in E src peak , are important characteristics in seeking to understand the nature of the shallow-to-steep decay component in the X-ray afterglow data.
Understanding the shallow-to-steep decay by geometrical jet models
There are several theoretical models which explain a shallow-to-steep decay break. They are 1) the energy injection from the central engine or late time internal shocks (e.g., Nousek et al. 2006; Zhang et al. 2006; Ghisellini et al. 2007; Panaitescu 2007) , 2) the geo-metrical jet models (e.g. Eichler and Granot 2006; Toma et al. 2006) , 3) the reverse shock (Genet et al. 2007; Uhm & Beloborodov 2007) , 4) time-varying micro-physical parameters of the afterglow , or 5) the dust scattering of prompt X-ray emission (Shao & Dai 2007 ). Here we focus on the geometrical jet models which have a tight connection between the prompt and afterglow emission properties. Eichler and Granot (2006) investigated a thick ring jet (cross section of a jet in the shape of a ring) observed at slightly off-axis from the jet. They can reproduce the shallow-to-steep decay feature in the X-ray afterglow with their thick ring jet model with the appearance of an off-axis afterglow emission at late times. Because of the relativistic beaming effect in this model, the observer, who is observing the ring jet from an off-axis direction, should see a softer prompt emission. Therefore, we would expect to see a shallow-to-steep decay in the X-ray light curve more frequently for XRFs and rarely for C-GRBs. Our findings contradict this prediction of the model. Another jet model which can produce a shallow-to-steep decay light curve is an inhomogeneous jet model . A shallow-to-steep decay phase of the light curve may be produced by the superposition of the sub-jet emissions which are launched slightly off-axis from the observer. The prediction of this jet model is that a shallow-to-steep decay should co-exist with high E src peak in GRBs (an observer has to observe the prompt subjet emission from on-axis), and XRFs will have a conventional afterglow light curve. Our results agree quite nicely with this prediction. However, considering the non-existence of a shallow-to-steep phase in the optical light curve, it is hard to understand why this shallowto-steep phase only exists in the X-ray band in the framework of these jet models. Further simultaneous X-ray and optical afterglow observations along with a detailed modeling of afterglows taking into account the prompt emission properties such as E peak will be needed to solve the origin of this mysterious shallow-to-steep decay feature.
Conclusion
We have seen that the XRFs observed by Swift form a continuum with the C-GRBs observed by Swift and by other missions, having systematically lower fluences and lower E obs peak than C-GRBs.
We have noted that the X-ray light curves of XRFs tend to follow a different "template" than those of C-GRBs. The light curves of the C-GRB afterglows show a break to steeper indices (shallow-to-steep decay) at earlier times, whereas XRF afterglows show no such break. This break is evident in the X-ray but not in the optical light curve. Moreover, the overall luminosity of XRF X-ray afterglows is smaller by a factor of two or more compared to that of C-GRBs. These distinct differences in the X-ray afterglow between XRFs and C-GRBs -18 -are keys to understanding not only the shallow-to-steep decay phase in the X-ray afterglow but also the nature of XRFs in an unified picture.
We have discussed the geometrical jet models based on the trend which we found that the shallow-to-steep break in the X-ray afterglow preferentially is seen in the C-GRB sample. We concluded that none of the jet models can explain the behavior of a shallow-to-steep decay phase observed only in the X-ray afterglow. We also emphasize the importance of having simultaneous X-ray and optical afterglow observations along with the characteristics of the prompt emission such as E obs peak to constrain the various geometrical jet models.
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-39 - Fig. 9 .-Isotropic equivalent energy, E iso vs. the peak energy in the GRB rest frame, E src peak for the known redshift BAT GRBs in this work (red circles), pre-Swift GRBs (black dots) and the known redshift Swift GRBs observed by Konus-W ind or HETE-2 (blue triangles). The dashed line is the best fit correlation reported by Amati (2006) Frontera (2003) . The values plotted here of the Swift sample are taken from the PC mode spectra. Swift XRFs, XRRs, C-GRBs and non-Swift samples are shown in red circles, green squares, blue triangles and black dots, respectively. of XRFs (red), XRRs (green) and C-GRBs (blue). E obs peak values derived from a constrained Band function, a CPL, and the Band function are marked as stars, circles, and squares, respectively.
-47 - Fig. 17 .-The composite X-ray luminosity afterglow light curves for known redshift GRBs in our sample. GRBs with E src peak < 100 keV, 100 keV < E src peak < 300 keV, and E src peak > 300 keV are shown in red, green, and blue, respectively. T BAT 0 refers to the BAT trigger time. -A schematic figure of XRF and C-GRB X-ray afterglow light curves. C-GRB afterglows tend to have a shallow index followed by a steeper index, with a break around 10 3 − 10 4 seconds after the burst. XRF afterglows, on the other hand, tend to have a shallow index without a break of significant change in the decay index. Furthermore, the overall luminosity of XRF afterglows is factor of two or more less luminous than that of C-GRBs.
